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Background
Because palpitations and light-headedness often occur paroxysmally these complaints are difficult to diagnose. The hazards for a GP are too many diagnostic interventions for worried well and too few diagnostics for potentially life threatening complaints.
Objectives
Patient-activated memo event recorders have proved to be successful in diagnosing episodes of cardiac arrhythmias in secondary care. We tested the diagnostic yield of these devices in general practice.
Methods
A randomised clinical trial in general practice. Consecutive patients with complaints of palpitations or light-headedness were randomized to either usual care or usual care plus event recorder. The main outcome was the difference in explained episodes. Secondary outcomes were the differences in the number and character of cardiac diagnoses and the feasibility of the event recorder.
Results
There were fewer patients without a diagnosis in the intervention group (17% vs 38%; RR=0.5, 95% CI 0.3 to 0.7) and more patients with a cardiac diagnosis (67% vs. 27%: RR 2.5, CI 1.8 to 3.5). More relevant cardiac arrhythmias were detected (22% vs 7%) with memo event recording than with usual care (RR 3.2, 95% CI 1.5 to 6.8).
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Diagnostic yield of patient-activated loop recorders 2 introduCtion About 8/1000 patients per year visit their general practitioner (GP) with symptoms suggestive of a cardiac arrhythmia, such as palpitations, rapid heart rate, and feelings of light-headedness or fainting. 1 Mostly the underlying condition is benign, but it can be a manifestation of a clinically significant arrhythmia. Establishing a diagnosis is often difficult because the medical history may not be accurate, 2 most complaints occur paroxysmally and the predictive value of many signs and symptoms is low. 3, 4 The investigation of choice is an ECG during a symptomatic period, but -even under optimal circumstances -this is only possible in about a third of patients. 4 If an ECG is performed during symptoms, 48% of patients appear to have rhythm abnormality (19% of clinical relevance) compared with 20% (13% of clinical relevance) in the patients without an ECG. 4 For GPs it is difficult to decide between referral for further investigations or watchful waiting. The challenge for GPs is to identify those patients, who are at risk for cardiac morbidity without performing excessive tests on all patients. The pitfalls include missing a relevant cardiac diagnosis, excessive testing in worried but otherwise healthy persons, and incorrectly labelling of people with anxiety or panic disorder with consequent inappropriate treatment. 5, 6 In secondary care settings, the patient triggered continuous-loop event recorder (CER) is an effective tool for detecting arrhythmias associated with infrequent symptoms. [7] [8] [9] It is more sensitive than the classic Holter method because it can be used for longer periods of time and normal daily activities are less disturbed. 10 A non-randomised study among
GPs reported that a cardiac diagnosis could be made in 30% of all consecutive patients presenting with palpitations during two weeks of monitoring with a patient activated recorder (RhythmCard), but no gain compared to usual care could be demonstrated. 3 Furthermore, ruling out a cardiac abnormality by documenting sinus rhythm during episodes of typical complaints can improve management in these patients. The aim of this randomised study is to evaluate the feasibility and clinical usefulness of CERs for establishing the cause of new episodes of palpitations or feelings of lightheadedness in a general practice setting.
mEtHods
In the Dutch health care system all inhabitants are enlisted with a GP of their choice and in case of health related complaints or questions this physician will be the first to be consulted. As a consequence Dutch GPs will receive an unselected case load of symptoms and signs. 
Intervention
We used a Card Guard CG-6106 loop recorder. This recorder continuously registers and updates a two lead ECG. When a patient chooses to activate the recorder it stores information 30 seconds before and 2 minutes after the moment of activation. A maximum of three registrations could be stored in the memory; hereafter an acoustic signal indicated that the memory was fully stored. Only after sending the ECGs by telephone, the memory could be overwritten. The intervention group received a recorder and training on how to use the device. Patients were asked to wear the recorder continuously. For quality assurance patients made a training ECG at home and sent it by telephone to the research centre. If necessary, this procedure was repeated until a good quality ECG was obtained. Each week all patients had to send in a test ECG to ensure the event recorder was working well. The patients were instructed to make a recording and send it to the research centre every time they experienced symptoms similar to the ones for which they consulted the GP. They could use the CER for a maximum period of four weeks. The procedure was stopped earlier if an ECG was diagnostic or three good-quality recordings without abnormalities were obtained during symptomatic periods. All ECGs were sent to a central receiving facility and immediately assessed by trained health professionals who could take action if necessary. In addition all the ECGs were reviewed and classified by an experienced cardiologist, who was informed about the symptoms of the patient. These reviewed results were sent to the GP.
The GP maintained responsibility for patient care during the study in both the intervention and control group and could use all regular health care interventions (including referral to cardiologists).
ECG findings, data collection, and analysis plan
If the event ECGs gave a clear explanation of the symptoms, patients were instructed to contact their GP. Arrhythmias were defined as all rhythms that were not normal sinus rhythm and between 60-100 beats per minute. A relevant arrhythmia was one for which treatment and/or further investigation was needed. This constituted one of the following: paroxysmal atrial fibrillation (AF), atrial flutter, atrial tachycardia, other supraventricular tachycardia (SVT), and ventricular tachycardia. Less relevant arrhythmias included premature beats (ventricular or atrial) and sinus tachycardia. We considered the outcome as inconclusive if patients did not have any symptoms during four weeks or if they were not able to register a good quality ECG during symptoms. Our main outcome measure was the number of explained episodes in both groups, as registered by the GP after six months. We calculated that to detect a difference of 50% explained episodes in the control group and 70% in the intervention group 103 patients in each arm (α = 0.05 and β = 0.2)would be required. Our secondary outcomes focussed on the difference in frequency of (relevant) cardiac diagnoses between the intervention and control group. We assessed the feasibility of the patient loop recorder by examining the proportion of patients that were not capable to activate the recorder during symptoms or where the activation failed, and the proportion of recordings with inadequate quality to make a diagnosis.
Statistical methods
Statistical analysis was conducted using SPSS for Windows version 10. Analysis was on an intention to treat basis. To examine whether a difference in the distribution of diagnoses after 6 months between the two interventions existed, we performed an overall chi-square test. We used relative risks and 95 % confidence intervals to quantify the difference in proportions of patients with a specific type of diagnosis between both groups.
rEsults
General characteristics
During the study period, 69 GPs sent 253 patients to the research centre. Their symptoms were rapid pulse (n=165), missed beats (n=131) and light-headedness (n=83). Only seven patients complained about pounding. In 3% of patients (8/253) a diagnosis was estab-lished with the initial routine ECG: atrial fibrillation (n=1), runs of ventricular extra systoles (n=4) and other rhythm abnormalities needing further investigation by a cardiologist (n= 3). One patient was excluded because of an allergy to the stickers. The remaining 244 patients were randomised. Baseline characteristics of these patients are given in table 1.
Feasibility and quality of memo-event recordings
During the study 682 ECGs were recorded by 127 patients. 
Memo recorder diagnoses
An ECG diagnosis was established by the cardiologist in 104 (82%) of the patients in the intervention group (table 2) . Arrhythmias were detected in 83 (65%) patients in the intervention group. Relevant arrhythmias included SVT (n=12), paroxysmal AF (n=10). Less relevant arrhythmias included sinus tachycardia (n=19), ventricular extra systoles (n=34), and atrial extra systoles (n=6). A normal ECG-registration during three symptomatic episodes was found in 21 patients. In another 21 patients no symptoms occurred during the month of recording.
Diagnoses at six months follow up
We found no difference in the management by the GP between the intervention and control group with respect to referral rates and the number and types of additional *some patients had more than one additional investigation 2 was a significant increase of relevant cardiac diagnoses (RR= 3.2, CI = 1.5 to 6.8) in the intervention group. All relevant diagnoses in the control group were found after referral to a cardiologist (n=5) or consultation at the first aid department (n=3). A striking difference between both groups in the frequency of the diagnosis 'stress' was found, in contrast with the clear cut psychiatric diagnosis of a panic disorder. In the intervention group differences between the diagnosis at 6 weeks and after 6 months are mainly explained by labelling by the GP of patients without a CER diagnosis or with a sinus tachycardia as having a psychiatric or stress-related problem. After six months of follow-up GPs diagnosed 16 patients as having a psychological or psychiatric problem and were unable to register a diagnosis in 22 patients. There were four additional relevant cardiac diagnoses made by the GP after 6 months, compared with the diagnosis after ending the diagnostic process by the CER (table 2 and 4) . One patient without a symptomatic intervention ECG appeared to suffer from a SVT and in one patient without a symptomatic intervention ECG atrial fibrillation was diagnosed. One patient initially diagnosed as having multiple extra systoles and one patient with a sinus tachycardia on the intervention ECG (both a less relevant arrhythmia) appeared to have atrial fibrillation. All changes to a relevant cardiac diagnosis were made after referral to a cardiologist during the six months follow-up period. 
disCussion
This was the first comparative study of the use of an event-recorder in the diagnostic process in general practice. We introduced the event recorder as an extra diagnostic tool in general practice for patients with symptoms of palpitations and/or light headedness. Within 28 days 83% of the patients in the intervention group were able to register one or more episodes, which led to a firm cardiac explanation in 65% of all patients and to exclusion of a cardiac disease in 17%. In our intervention group more cardiac diagnoses, of which more appeared relevant were made than in previous, non randomised studies in general practice. 3, 4 After six months the GP was able to explain 62% of the episodes of patients without an event recorder, compared to 82% in the intervention group. This is comparable with previous studies in secondary care. 15 The most likely explanation for these findings is that GP's missed (relevant) cardiac diagnoses in the control group because of the paroxysmal nature of the complaints and over-diagnosed stress related problems. Not discovering relevant cardiac diagnoses like atrial fibrillation can have serious consequences. Paroxysmal attacks have the same risk for stroke as permanent fibrillation. 11 These patients require anti-coagulant treatment, while some need further evaluation by a cardiologist, as indicated by the Dutch guideline on atrial fibrillation. The benefit of identifying more diagnoses from the group of less relevant cardiac diagnosis is more difficult to value, but especially recording sinusrhythm or a ventricular extra systole during a typical episode can be helpful because it virtually rules out cardiac disease. This can be reassuring for both patient and GP, thereby avoiding unnecessary further testing and referral. We anticipated a lower referral rate in the intervention group, but as so many patients needed specialist care (as the diagnosis indicated the need for that) the referral rate in the intervention group was similar to the referral rate in the control group. Referrals however were more appropriate in the intervention group. Some patients with (serious) cardiac abnormalities in the control group have probably been incorrectly labelled as having a stress related problem. This phenomenon has been mentioned before in secondary care. Palpitations are one of the more prominent somatic signs of panic attacks and anxiety. Treatment of the palpitations may lead to disappearance of the stress related symptoms.
12
Methodological limitations
It is unlikely that our findings have been generated by a large imbalance in patients with a cardiac abnormality despite randomisation. However, because we choose for a parallel, randomised trial with a control group we did not ascertain the frequency of cardiac abnormalities in the control group. Therefore, we opted for a relatively long (>6months) follow-up time, during which GPs were able to conduct all diagnostic procedures they thought necessary (including referral) and change their initial diagnosis. An alternative design would have been a single group design in which all patients receive the event recorder and then calculating the overall yield of the device. The results of such designs are often unconvincing because it remains unclear how many would have been detected with usual care. Therefore, we choose a randomised design to determine the extra yield in comparison to usual care. 13 Another option would have been to randomise between memo-event recorder and referral to the cardiologist with Holter monitoring. The main problem associated with Holter monitoring is its low sensitivity in infrequently occurring symptoms and the yield of many aberrations with uncertain clinical consequences.
14 Our stratified randomisation procedure was meant to create comparable groups of patients and not to frustrate GPs whose patients all could be randomised to the control group without stratification, but created some imbalance between the two groups. There was however no difference in baseline characteristics and there was also no difference in firm non-cardiac diagnoses in both groups. We asked GPs to include every consecutive patient with palpitations or light headedness as a new complaint. This probably has led to a relative young study population. We conducted a retrospective chart review after recruitment among 27 of the 69 participating GPs. About half of the eligible patients appeared not to be included. In a third of cases GPs forgot to include the patient in the trial (33%) and in under a quarter of the cases the GPs had another explanation for the symptoms (21%), mostly extra systoles. This selection bias may have led to a higher prevalence of relevant cardiac abnormalities in our study population, but did not affect the contrast between both parallel groups of patients. We conclude that introduction in general practice of a patient activated memo event recorder is feasible and elucidated hidden morbidity with potential serious medical consequences. The ability to exclude cardiac problems is another strength of this tool. Further research is needed to refine the indications and taper its use in daily practice.
